The energies of the Kat-and Ka2-Röntgen lines of Tm, Th, U and Pu have been measured with high accuracy relative to the 411.794 keV y-line from a gold source. In addition, the energies of a few Kß lines have been determined.
Introduction
Accurate energies of K-Röntgen-lines of heavy elements are of interest for a comparison with a theory 1 which allows precise calculations of atomic electron binding energies. They are also needed for the calibration of Röntgen-and Ge (Li)-spectrometers.
In practice the K-Röntgen-line energies are calculated from the atomic level energies listed in standard tables such as those given by Hagström, Nordling and Siegbahn 2 or by Lederer, Hollander and Perlman 3 or they are calculated from the energies recommended by Bearden and Burr 4 . Inspection of such tables shows that differences up to 5 x 10~4 in relative energy (or 58 eV at 121.8 keV) still exist for the energy of the Is state in Pu.
Therefore, the Kctj-and Ka2-line energies of a few heavy elements have been determined with very high accuracy with our interferometric curved crystal diffractometer 5 .
Experimental
Method The measurements were performed with the aid of the curved crystal spectrometer which has been 169 Yb source provided the reference line. All measurements were performed in the manner outlined in detail previously 5 ' 6 . The resolution J£(FWHM) at the diffractometer was AE = 50 eV during the Tm-Ka-measurement which could only be performed in the first order of reflection (see Fig. 1 ) because of the limited angular range of the instrument. It was AE « 33 eV for the Tm Kß1 line and AE63 eV during the Kameasurement of Pu ( AE ~ E 2 ).
Results and Discussion
The results of the present experiment are listed in Table 1 . The relative energies are based on the 411 keV gold standard. For an estimate of the influence of the particular choise of the standard ener- systematically larger by about 1 eV. The energy of our K/?j line of Tm is, however, significantly larger than the other values.
Since a comparison of line-energies based on different standards is always difficult, we choose to compare line-energy differences. In this case the differences of the standard energies have relatively little or negligible influence on the numbers to be compared. One can immediately realize that our figure agrees well with the result of Bearden and Burr 4 and fairly well with the identical results of Hagström et al. 2 and Lederer et al. 3 regarding
For the Kßt line of Tm we obtain E(K/?x) -E(Ka2) = 6,767.16 + 0.17 eV which does not agree with the differences of 6.760 2 , 6,763 3 and 6.763 ± 1.4 eV of the tabulated level energies. In order to understand this discrepancy we have studied the energy systematics of the £(Lni) -£(Mni) distance which should equal the difference E(Kßt) -E(Ka2) in the absence of line assymmetries. It must be emphasized that our K-Röntgen energies listed in Table 1 are those of the quanta emitted by the sources characterized in the second column of that table. For other sources shifts 9 may arise which may even exceed our quoted errors. It is obvious that this energy distance should increase monotonously with Z. Testing the tabulated data [2] [3] [4] in this respect should, therefore, provide insight into the magnitude of the statistical uncertainties and reveal possible errors of individual distances. In the region 60 Z ^ 78 the distance between the Lin and Mni levels can be described very well with the aid of the empirical relation: Our energies for the thorium lines are systematically somewhat smaller than the tabulated level distances. This is also true for the differences of E(Kax) -£(Ka2) and of £(Ln) -E{Lm).
Notizen
In case of the distances E(Kß3) -E{Ka2) and ^(Ln) -£(Mn) very good agreement is observed with the tabulated data (see Table 2 ).
The K04 and Ka, Röntgen-line energies of U of £reiative = 98,431.6 ± 0.5 eV and 94,650.6 ± 0.6 eV are considerably smaller than the tabulated levelenergy differences. Inspection of Table 2 shows very good agreement between the Ln -Lni level energy differences and our difference £'(Ka1) -E(Ka2). This indicates that the tabulated K-shell energies are to large by 5 -8 eV.
In case of plutonium, the tabulated 2 • 3 K-shell energies differ by as much as 58 eV. The uncertainty of the result by Bearden and Burr 4 is 44 eV. Our K-line energies are larger than the energies of Hagström et al. 2 and smaller than those of Lederer et al. 3 . They agree within the 44 eV error with the energies of Bearden and Burr. In view of our much higher accuracy we have again compared the lineenergy differences with the tabulated 2-4 level-energy distances. Table 2 shows agreement for the Ln -Lni spacing. 
